This paper extends earlier benchmark study (Eom 1995) which examined the intellectual structure, major themes, and reference disciplines of decision support systems (DSS) over the last two decades 
INTRODUCTION
Earlier studies documented the intellectual development of the decision support systems (DSS) area over the last two decades in terms of two of the three main needs defined by Keen (1980) --reference disciplines and a cumulative tradition. Eom (1995 p. 517) concluded that "After 20 years of research, the DSS literature does not exhibit an overall DSS research paradigm. Nonetheless, this study convinces the author that DSS is in the active process of solidifying its domain and demarcating its reference disciplines." This paper assesses the ongoing changes in the intellectual development and structure of DSS research, using multivariate analysis of an author cocitation matrix over the period of 1990 through 1999. This study aims at identifying the intellectual structure, reference disciplines, and major themes in DSS research over the past ten years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) with a particular emphasis on contrasting the structural changes in the intellectual structures in the DSS area over the period of 1969 through 1990 and the period of 1990 through 1999.
DATA AND RESEARCH METHORD
The data for this study were gathered from a total of 984 articles in the DSS area over the past ten years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , based on the criteria described in our earlier study. The number of citing articles can be an indicator of vitality of the DSS area. During the past 10 years, DSS researchers have published 984 articles at an average rate of 98.4 articles per year, while the previous two decades had published a total of 632 articles at an average rate of 31.6 articles per year.
The raw cocitation matrix of 171 authors is analyzed by the factor analysis program of SAS (statistical analysis systems) to ascertain the underlying structure of DSS research subspecialties. Principal component analysis (varimax rotation) with the latent root criterion (eigenvalue 1 criterion) is applied to obtain the initial solution of 15 factors (see Table 1 ). The scree tail test indicates that only the first twelve factors should be qualified. For further details of author cocitation analysis including the statistical method used, readers are referred to Eom (2003) .
RESULTS
Based on careful examinations and interpretation of these outputs, ten factors resulted, as shown in Appendix 1. The ten extracted factors account for 84.11 percent of the total variances of the data set. Factor analysis extracted ten factors consisting of six major areas of DSS research (group support systems, design, model management, user interface/implementation, evaluation, and multiple criteria decision support systems) and five contributing disciplines (cognitive science, computer supported cooperative works, multiple criteria decision making, organization science, and social psychology). Factor 4 seems to represent both the user interface and implementation factors. Factor 8 also includes authors in multiple criteria decision making (MCDM) and multiple criteria decision support systems (MCDSS). Through the comparison of the previous studies and this study, we identified that the DSS area has undergone profound structural changes in the intellectual structure over the past ten years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . DSS research areas and reference disciplines can be categorized into four different groups --steady, strengthening, emerging, dying, and slowly growing areas. The steady areas include model management which have appeared in the previous study (1995) and this study. In the reference discipline areas, organizational science and multiple criteria decision making have been consistently influenced to the development of DSS research subspecialties over the past 30 years . The GSS area has been strengthened significantly since 1990s. The emerging areas are represented by design, implementation, MCDSS, and evaluation in the DSS research area and cognitive science, CSCW, social psychology in the contributing discipline. The dying area includes two DSS research subfields (foundation and individual differences) that appeared to be no longer active. Group support systems (GSS) research has been strengthened and model management research has been a continuously central research theme. Organization science has been a steady field of DSS contributing discipline.
3.1Group Support Systems
Factor 1 appears to define group support systems (GSS). Undoubtedly GSS have now become the mainstream research field by many different measures. This investigation period include 171 scholars as markers of the DSS intellectual space. Seventy-nine of these scholars (46%) were clustered into factor 1. In terms of percent of variance, the percent of variance of the GSS factor (36.6%) tells the relative importance of the GSS factor.
Appendix A lists 79 authors under Factor 1. The unique contributions of ACA analysis is the reconstruction of bird's eye view of each subfield thorough the identification of a group of influential and responsible DSS researchers who represent major forces that have charted and perhaps will chart the future directions for DSS research and redirect DSS research efforts toward a common paradigm. "Any study of paradigm-directed or of paradigm-shattering research must begin by locating the responsible group or groups" (Kuhn 1970, p.242) . Some of the important recent developments in this area can be summarized as follows.
GSS Tool Developments
There have been continuing developments and enhancements of GSS tools to support and augment the existing group DSS and electronic meeting systems such as an idea consolidator (Aiken et al. 1992) , an optimizationbased group decision tool for combining subjective estimates and extracting the underlying knowledge of group members (Singh et al. 1992 ), a hypertext and computer-mediated communication systems (Turoff et al. 1993 ), a group software for modeling and analyzing business process re-engineering (Dennis et al. 1993 (Dennis et al. -1994 , an interactive videodisc-based GDSS for directing the pattern, timing, and contents in group decision making (Reisman et al. 1992 ).
GSS Application Developments
A wide range of GSS/electronic meeting systems/decision conferencing system applications has been reported to support/facilitate a wide rage of decisions (Eom et al. 1998 ).
Empirical/laboratory experimental studies
A number of empirical/laboratory experimental studies have been conducted to investigate the effects of a variable on the quality of group decisions, level of agreement, subjective satisfaction, etc. For a comprehensive reviews of GSS field studies, See (Fjermestad et al. 1998 (Fjermestad et al. -1999 , which presents a descriptive evaluation of 54 case and field studies from 79 published papers spanning two decades of group support systems research.
Integrated GSS with other technologies
GSS is being integrated with other technologies such as expert systems and case-based reasoning, etc. A prototype system that embedded expert systems into GDSS is developed to make a GSS a more user-friendly and powerful tool for group support by capturing the scarce expertise of human facilitators GSS session management knowledge (Aiken et al. 1991) . The distributed artificial intelligence approach for designing and developing group problem solving systems is being investigated to coordinate organizational activities in a distributed environment through the development of prototype systems comprising a network of expert systems .
Design of DSS
Factor 2 seems to represent Design of DSS. Over the past 10-year period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , design of DSS has emerged as a DSS research subfield. Traditional assumptions in the DSS area are being challenged. One of them includes the role of cognitive styles in the DSS design. A significant development in the 1990s is the demise of Individual differences (cognitive style) research as a basis of DSS design in the DSS literature. After over a decade of cognitive styles and individual difference research, Huber (Huber 1983, p.567) concluded that "the currently available literature on cognitive styles is an unsatisfactory basis for deriving operational guidelines for MIS and DSS designs" and "Further cognitive style research is unlikely to lead to operational guidelines for MIS and DSS designs." A number of empirical studies conducted to test the existing DSS design frameworks/theory. Igbaria and Guimaraes (1994) empirically tested the outcomes of user involvement in the DSS development to establish the positive relationship between user involvement and several measures of system success such as DSS usages, user overall satisfaction with the DSS, and user perceived DSS benefits. A contingency model of DSS design methodology is developed by Arinze (1991) to help DSS developers select an appropriate methodology out of several methodologies of data-driven, process driven (Keen et al. 1978; Sprague et al. 1982 ), decision-driven (Stabell 1983 , and systemic paradigms (Ariav et al. 1985) .
Model Management
Factor 3 appears to represent Model management Since 1975, model management has been researched to encompass several central topics such as model base structure and representation, model base processing, and application of artificial intelligence to model integration, construction, and interpretation
Structured Modeling
In the model structure and representation area, the structured modeling approach by Geoffrion (1987) has advanced the model representation area of model management, which is an extension of the entity-relationship data model and a necessary step for advancing to the next stage of model management (model manipulation). According to Geoffrion, structured modeling is a systematic way of thinking about models and their implementations to overcome perceived shortcomings of modeling systems available in the 1980s. It is based on the idea that every model can be viewed as a collection of distinct elements, each of which has a definition that is either primitive or based on the definition of other elements in the model. Dolk and Konsynski (Dolk et al. 1984; Konsynski et al. 1982) developed the model abstraction structure for representing models as a feasible basis for developing model management systems. Dolk (1993) attempts to connect both artificial intelligence and database management to evolve a theory of model management via model integration relying heavily upon the relational database theory. In the model processing area, Blanning (1982) investigated important issues in the design of relational model bases and presented a framework for the development of a relational algebra for the specification of join implementation in model bases.
New Approaches to Model Management
During the 1990s, there has been a variety of new approaches to manage models as organizational resources. Some of notable approaches include the development of graph-based modeling (Jones 1995) , object-oriented approach (Muhanna et al. 1994) , mdeling by analogy (analogical modeling) and cased-based learning (Liang et al. 1993) , modeling by example (Angehrn 1991) , active modeling systems (Dolk et al. 1991) , knowledge-based model construction (Murphy et al. 1986 ).
Model integration is another active line of DSS research. There has been several new approaches to model integration such as integrating simulation modeling and inductive learning in an adaptive decision support system (Piramuthu et al. 1993) , Object-oriented model integration (Dempster et al. 1991) , model integration using metagraph (Basu et al. 1994 p. 195) .
User-Interface/Implementation
Factor 4, User Interface/Implementation, is a new factor that emerged in this study. Design, implementation, and evaluation of information systems are an integrated and inseparable process, as shown by several studies, which reported the identification of DSS implementation success factors and the linkage between those factors and DSS effectiveness (Ramamurthy et al. 1992) . Because of the inseparable nature of system design and implementation, factor 4 includes authors in these two areas. DSS implementation research over the past three decades has been primarily concerned with investigating the relationship between various factors (user related and other factors) and implementation success. User-related factors include cognitive style (the characteristic ways individuals process and utilize information to solve problems), personality (the cognitive structures maintained by individuals to facilitate adjustment to events and situations), demographics (age, sex, and education), and user-situation variables (training, experiences, and user involvement) (Alavi et al. 1992) , (Zmud 1979) . DSS implementation research aims at systematically identifying factors which will influence the implementation success of DSS so that those critical factors can be managed effectively to increase the successful implementation of DSS in organizations. Several studies reported the identification of DSS implementation success factors and the linkage between those factors and DSS effectiveness (Alavi et al. 1992; Igbaria et al. 1994; Ramamurthy et al. 1992 ). Like so many empirical studies in other fields, no direct comparison of these studies are possible due to different methodologies, samples, etc. For example, Ramurthy, King, and Prekumar (1992 p.469) concluded that "user's domain-related expertise, systems experience, gender, intelligence, and cognitive style have important influence on one or more dimensions of DSS effectiveness. However, their relative importance vary with the outcome measure of choice." An empirical study of Igbaria and Guimaraes (1994) strongly confirmed that user involvement and DSS friendliness are critical DSS success factors.
Despite conflicting and confusing findings in the area of implementation research, a systematic integration and assessment of a large set of DSS implementation research seems to suggest that DSS implementation research has been accumulating its research findings. The review of DSS implementation research over the period of 1991 through 1997 led us to conclude the following:
1. Over the past three decades, MIS/DSS researchers have identified numerous factors affecting MIS/DSS. They are classified into external environments (environmental characteristics), organizational environment (characteristics), task environment (characteristics), other factors including human factors (user's personal characteristics and MIS staff characteristics) and non-human factors (MIS policies). Of these, the majority of implementation researchers focus on the user related factors (cognitive styles, personality, demographics, user-situational variables).
2. Based on the meta analysis of prior implementation research, we are further readjusting the focus of DSS implementation research on the user-situational variables. The user-situational variables (involvement, training and experience) are more important than cognitive styles and personality and the DSS implementation success rate can be improved by as much as 30 percent by manipulating usersituational variables (Alavi and Joachimsthaler 1992) . Further their study concluded that "future research should be directed toward developing causal models of DSS implementation that weave these key factors together in a form that makes their interrelationship explicit."
DSS Evaluation
Decision support systems management consists of an ongoing, inseparable process of designing, implementing, and evaluating DSS. Decision support systems are to assist managers in their decision making processes to improve the effectiveness of decision making rather than its efficiency. Evaluation of DSS is concerned with analysing costs and benefits of decision support systems before and after DSS development and implementation. The unique nature of DSS evaluation is that although some DSS provides substantial cost saving and profit increase, measurements of benefits of DSS have been a difficult problem, due to the fact that quantification of the positive impacts of improved decision process is difficult (Keen et al. 1978 ).
Evaluating DSS is concerned with determining the value of DSS. The value of DSS can be measured by a smorgasbord of eight methodologies: (1) decision outputs; (2) changes in the decision process; (3) changes in managers' concepts of the decision situation; (4) procedural changes; (5) classical cost/benefit analysis; (6) service measures; (7)managers' assessment of the system's value; and (8) anecdotal evidence (Keen et al. 1978 ).
Aldag and Power(1986) reviewed a number of prior research. Most of these papers are concerned with the use of multiple attribute decision making model based decision aids to improve the effectiveness of decision making. An interactive heuristic program was used to solve a case problem by two groups of students. The result of the Aldag and Power study detected no significant differences in performances although user attitudes toward the computer-based decision aid were favourable and user gained more decision confidence. Their study suggested that user affect should not be used as a proxy for decision quality and DSS must be adopted with caution in that if such decision aids result in positive user affect and heightened decision confidence without corresponding improvements in decision quality, DSS may be dysfunctional. Sharda and others (1988) conducted an experimental investigation using an executive decision making game played by two sections of a business strategy course to find out that the groups with DSS made significantly more effective decisions and examined more alternatives and exhibited a higher confidence level in their decisions than their non-DSS counterparts.
Reference Disciplines of DSS Research
Due to the space limitations, we will not discuss the DSS reference disciplines uncovered in this studycognitive science, computer-supported cooperative network, multiple criteria decision making, organizational science, and social psychology.
CONCLUSION
This study investigates an ongoing change in the intellectual structure of DSS research fields through a comparison of the bibliometrical study between the first two decades of DSS research ) and the recent ten years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . We are now in a better position to understand the dynamic dimension of the intellectual structure of DSS research. This study identified a dynamic dimension of DSS research areas to account for the ongoing changes in its "disciplinary matrix" --the four emerging areas (Implementation, Design, and Cognitive science); continuously growing areas (GDSS, Model management, MCDM, and Organization science); and dying areas (Individual difference and Foundations).
In a nutshell, the factors in this study appear to reflect the maturing stages of DSS research, aiming at providing a macro view of DSS research literature with a goal of providing a basis for developing coherent DSS theories to sort out a confusing body of a variety of DSS literature. The changes in the intellectual structures in decision support systems have been profound over the 1990s. Focus of DSS research appears to be shifting from the study of DSS components (data, model, individual differences of decision makers) during the periods of 1970 through 1990 to the design, implementation, and user-interface management (which have not been shown to be substantive DSS research subspecialties in the previous research), to provide useful guiding principles for practitioners in the integrated processes of design, implementation, and evaluation of decision support systems. The model management and group decision support systems areas have been continuously researched over the two periods of investigation. In the area of model management, much progress has been made in the sub-areas of model representation, model base processing, model integration, and the application of artificial intelligence to model management. COPYRIGHT Sean Eom © 2004 . The authors grant a non-exclusive licence to publish this document in full in the DSS2004 Conference Proceedings. This document may be published on the World Wide Web, CD-ROM, in printed form, and on mirror sites on the World Wide Web. The authors assign to educational institutions a non-exclusive licence to use this document for personal use and in courses of instruction provided that the article is used in full and this copyright statement is reproduced. Any other usage is prohibited without the express permission of the authors.
